NASA Contractor Report 181909, Volume 1V
DOT/FAA - CT -89/36 -1V

THE NASA DIGITAL VGH PROGRAM -
EXPLORATION OF METHODS AND FINAL RESULTS

Volume IV - B 747 Data 1978-1980: 1689 HOURS

Norman L. Crabill

Eagle Engineering, Incorporated
Hampton Division
Hampton, Virginia 23666

Contract NASW 4430
December 1989

NANASA

National Aeronautics and

Space Administration

Langley Research Center

Hampton, Virginia 23665

(Ve amL =T Y mvel=sY A ALA TITITAL YoM
pooear xTUORATTON O mE TGS ANy i TAL

L LT L. VLGN st T TRT maTa atin =150,

P ' (b Tnnineerin) 174 0

CsCL i Ss/us

dnclas
Rl RN






FOREWORD

This report was prepared by Eagle Engineering, Inc., Hampton
Division, under contract NASW 4430, sponsored by NASA Langley
Research Center and the Federal Aviation Administration Technical
Center under the FAA-NASA Interagency Agreement No. DTFA03-890-
A-00019 of 13 June 1989. This report fulfills the requirement
of the Program Plan for the National Aging Aircraft Research
Program, DOT/FAA/CT-88/32, August 1989, Paragraph 2.3.2.1, Flight
Loads.

The Eagle Engineering, Inc. effort was performed by Norman L.
Crabill and administered under the direction of Joseph W. Stickle
(NASA Langley Research Center) and Thomas DeFiore (FAA Technical
Center).
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THE NASA DIGITAL VGH PROGRAM-
EXPLORATION OF METHODS AND FINAL RESULTS
Volume IV: B 747 Data 1978-1980: 1689 HOURS
Norman L. Crabill
Eagle Engineering, Inc.
Hampton Division
Hampton, Virginia
SUMMARY

Data obtained from the Digital Flight Data Recorder system of
Boeing 747 aircraft in 442 flights and 1689 hours of airline
revenue operations are presented as an extension of the work
documented in Volume I of this report. Data on conditions with
flap deployment and autopilot use are given. In addition,

acceleration statistics are presented from 23 hours on nonrevenue

flights. No discussion of the data is presented.

INTRODUCTION

This document presents the results of the NASA DVGH Program
obtained during 1978-1980 operations of Boeing B 747 aircraft.
This volume is an extension of the work and methods documented in
Volume I. The data reduction analysis and methods and data
presentation are essentially the same as those reported in Volume
I. However, this report does contain additional data on autopilot
usage and some limited acceleration-derived exceedance data

obtained from non-revenue flights.



ATRCRAFT AND INSTRUMENTATION

Aircraft
The aircraft type was the Boeing B 747-100 with four Pratt and
Whitney JT9D-3A and -7 turbofan engines. Characteristics of the
aircraft used in the data reduction process are given in Table I.

The configuration is shown in figure 1.

Instrumentation

The data were obtained fromm the Digital Flight Data Recorder

system described in Volume I. Measurements were:

Parameter Range and Units Samples per Second
a, + 1 ~3g to +6g 4

a, -1lg to +1g 4

CAS 100 to 450 kts 1

HP -1,000 to 50,000 ft 1

FLP -5° to 60° 1

Cabin Pressure 0 to 15 psia 1
Autopilot Status Off or On Discrete

Note that Spoiler data are not reported here, although they were
in Volume I. The cabin pressure data type is the same as reported

in Volume II.



SCOPE OF DATA

Data were collected from five aircraft operating in regular
airline service over the area shown in figure 2 during 1978 through
1980: Almost all of the data (442 flights and 1689 hours) were
obtained during passenger-carrying revenue service; a small amount
(73 flights and 23 hours) was obtained during nonrevenue service
(ferry flights mainly, although some training and maintenance
flights may have been included). Due to operational difficulties,
it was not practical to obtain continuous data from one aircraft
as in Volumes I and II; it was therefore decided to obtain the data
from any of five 747-100 aircraft being operated by the airline

over the service route during the 30 months of the test.

DATA REDUCTION PROCESS

The Data Reduction Process is basically the same as described
in Volume I. The filter used to separate maneuver and gust accel-
erations was similar to that described in Volume I except that the
high limit of the band pass was set at 0.75 Hz based on an inspec-
tion of representative spectra. Although the results of reference
13 in Volume I indicate that the operation of the autopilot can
cause up to a 20 percent reduction in the normal acceleration peak
response to continuous turbulence, it was decided, after consulta-
tion with the industry, not to account for this in deriving U,,
in order to maintain comparability with the earlier VGH results,
even though the autopilot status was being monitored in this

investigation.



RESULTS
Flight Profile and Acceleration Derived Statistics

Presentation of Flight Profile Statistics results is similar
to that described in Volume I. Flight Profile Statistics are given
in Percent of Time, and as Maximum Values on a Percent of Flight
basis for Entire Flights (flaps up or down) and for Flaps Deflec-
ted. For operatidns reported in this volume, the conditions
existing at flap retraction after 1ift off, and the conditions
existing at flap deflection before landing are given.

Acceleration Derived Statistics are also presented as in
Volume I, except that with Flaps Deflected, the maximum a, per
flight and the Equivalent Airspeed occuring are presented for the
various flap detents in take off and landing. Also new are level
crossing counts for the Acceleration Derived quantities for non-
revenue flights. All other results are for revenue flights. These
Acceleration Derived quantities are subject to the same limitations
discussed in Volume I, which indicates that the exceedances derived
from the DFDR system at 4 samples per second may be significantly
less than if actual peak values were counted.

The detailed Flight Profile and Acceleration Derived Statis-
tics are given in figures 3 through 24 as shown in Table II. No

discussion of the data is presented.

Autopilot Usage and Effects
Autopilot status was monitored as off or on without regard to
the exact on-mode. The autopilot was on about 92 percent of the

time; 7.5 percent of the time that it was on, the low-amplitude



limit cycle in normal acceleration appeared as discussed in
Volume I. 1Its characteristics are summarized in figure 25. This
phenomenon is believed to be due to off-nominal autopilot operation
in the altitude-hold mode, and it is more fully discussed in

Volumes I and II.

Cabin Pressure
Absolute cabin pressure was measured and used to compute the
quantity "Maximum Differential Cabin Pressure per Flight" by using
the measured absolute cabin pressure and the standard atmosphere
based on the indicated pressure altitude. The distribution of this
quantity as a function of the percent of flights is shown in figure

26.

CONCLUDING REMARKS
Data obtained from the Digital Flight Data Recorder system of
Boeing 747-100 aircraft in 442 flights and 1689 hours of airline
revenue operations are presented as an extension of the work
documented in Volume I of this report. Some new data on conditions
with flap deployment and autopilot use are given. In addition,
acceleration statistics are presented from 23 hours of nonrevenue

flights. No general discussion of the data is presented.



o

TABLE I

BOEING B 747-100 CHARACTERISTICS USED IN THE ANALYSIS

Geometrical Characteristics
0 Wing Area = 5500 £t2

o Wing Mean Chord = 27.32 ft

Lift Curve Slope C{a per degree

o Flaps up o Flaps down

M HP = 0 20 kft 40kft FLP, dedq HP = O
.2 .0860 .0885 .0902 0 .0860
.4 .0820 .0875 .0910 2 .1000
.5 .0790 .0870 .0922 10 .1050
.6 .0790 .0885 .0970 20 .1050
.7 .0750 .0865 . 0970 30 .1018
.8 .0675 .0830 .0960

.85 - .0860 .1005

.90 - .0940 .1095

Weight was computed linearly with time from take off to

landing as described in Appendix C in Volume I.



o

TABLE II

INDEX OF FLIGHT PROFILE AND ACCELERATION STATISTICS

ENTIRE FLIGHTS
Figure Number
3
4
5
6
7
FLAPS DEFLECTED
8
9
10
11

12

FLIGHT PROFILE STATISTICS

Subject
Weight vs. Flight Duration
Altitudes and Gross Weights
Altitudes and Airspeeds
Altitude Summary

Maximum Altitudes

Flap Detent Use

Weights, Altitudes and Airspeeds
Flap Deflection Times

Equivalent Airspeeds and Detents

Flap Use above 10,000 ft

Page Numbers
12-17
18
19-22
23

24-25

26
27-36
37-39

40

41



TABLE II (continued)

ACCELERATION DERIVED STATISTICS

ENTIRE FLIGHTS

Figure Number Subject Page Numbers

13 Normal Acceleration Exceedances

(a) a, matrix
(b) ay matrix
(c) a,; matrix
(d)-(m) a,, ay, a,, plots

14 Lateral Acceleration Exceedances
(a) a, matrix
(b)-(k) a, plots
15 U, Exceedances
(a) U, matrix
(b) - (k) U, Plots
16 Peak Positive and Negative a  vs. Altitude
(a) a, matrix
(b)-(k) a, plots
17 Peak Positive and Negative a, vs. Altitude
(a) a, matrix
(b) - (k) a, plots
18 Peak Positive and Negative a vs. Altitude

(a) a_. matrix

nG

(b)-(k) a, plots

42

43

44

45-54

55

56-65

66

67-76

77

78-87

88

89-98

99

100-109



.TABLE ITI (Concluded)
19 Peak Positive and Negative Uy, vs. Altitude
(a) Uge matrix 110
(b)-(k) U, Plots 111-120
o FLAPS DEFLECTED
Figure Number Subject Page Numbers

20 a, Exceedances with Flaps pDeflected

(a) Take Off Detents matrix 121
(b) Take Off Detents plot 122
(c) Landing Detents matrix 123
(4) Landing Detents plot 124

21 Peak Positive and Negative a, per flight and EAS bands
(a)-(c) Take Off Detents 125-127
(d)-(1) Landing Detents 128-133
o NON-REVENUE FLIGHTS
Figure Number Subject Page Numbers

22 Normal Acceleration Exceedances

(a) a, matrix 134
(b) aﬁ4matrix 135
(c) a, matrix 136
(d) - (m) a,, ayr Ay plots 137-146

23 Lateral Acceleration Exceedances
(a) a, matrix 147
(b)-(k) a, plots 148-157

24 Uge Exceedances

(a) Uy matrix 158

e

(b)-(k) U, plots 159-168
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(a) Gross weight at take off
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Figure 3.- Percent of flights
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PERCENT OF FLIGHTS
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Figure 7.- Percent of flights to m
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Figure 7.- Concluded.
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(b) -500 to 4500 feet altitude
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Figure 20.- Continued.
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Figure 20.- Concluded.
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(a) Take off; flaps 1 degree deteat

Figure 21.- Peak positive and negative a,, per flight vs EAS bands; percent of flights.
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(b) Take off; flaps 5 degree detent

. Figure 21.- Continued.
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(d) Landing; flaps 1 degree detent

Figure 21.- Continued.
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(e) Landing; flaps 5 degree detent

Figure 21.- Continued.
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(f) Landing; flaps 15 degree detent

Figure 21.- Continued.
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(h) Landing; flaps 25 degree detent

Figure 21.- Continued.



310

300

310

2%0
300

280

270

260
270

250

240

240

230

RASB,KTS
210
220

170

1s0

160

170

130
160

140

150

140

130

120
130

0900000000000 00C

900000000 0QCOOOO0C

0000000000 0CO0OD0

0000000000000 DO

o00O0cCO0OOO0OO0OOODOO0OO

0300000 o000 wno
L] * yNO® ™ NeANHA

..............

0000000000000 O0

0000000000000 O0

0000000000000 O0O

DO0O0O0CO0OOBODO0OO00000OO

000000000 OOOBO0O0

0000000 C0000COO0O

000000000 0ODOCOO

o000 000O00COO0CQO

..............

133

[]
442

1608.03

772€12.98

(i) Landing; flaps 30 degree detent

s
-

ORIGINAL pp
OF Pcin o

Figure 21.- Concluded.

N
ey &
LS



OF POOR QUALITY

ORIGINAL PAGE 18

"STYBITY SNUDAII-UON :SIOUBPIROXS GONBIS[00R [PULION -'7Z 2SI

spueq apmnpe amssaid urqiLm moy Jod syanos Swssors a7 % (e)

LLY09L MOJd aXY 40 S4VIZ STIIN IEDI'LE 'TYIOL
6T° 62 MNOQ QMY 40 SAVIA SUNOH IBOI'TE 'TYIOL
€L SILBOIIA TVIOL
LL YOSL 0 TE€°69¢€E 99°0Z9 ST 80§ LI"S0€ Z9°ELZ 60°SEY 6Z°8LZ “vI8T IT¢ 8 SYIIN IBDI'Ld
[ 394 14 0 »6°9 Lzt Lo°t Lo 89°0 €T°T $0°1 rz ot &Y 3 SUNCEB IROI'lA
0 0 0 0 0 [} 0 0 0 0 09°T-
0 0 0 0 0 0 [ 0 0 0 or1-
0 0 0 0 0 0 0 0 [ 0 0T 1-
0 0 0 0 0 0 0 0 0 ] 00° T~
0 [ [ 0 0 0 0 (] /] 0 08—
0 0 [} [] 0 0 ] 0 0 0 oL~
0 0 0 0 0 0 [ 0 0 0 09°~
[ 0 ] 0 0 0 0 0 0 [ 0§° -
90°0 0 0 0 0 0 0 ] 0 0T 0 U )
€L°0 ] T°0 ] 0 0 0 0 0 9¢°1 0E "~
€2°6 0 €0 9¢°2Z 19°§ 0 0 | 38 4 0 YE°6T 0Z"~
60°92 0 10°1 9€°2 8y°L 0 Lyt €5°0T Ly 1t 18°9S §T°=-
6T TIL 0 €0°€ 99°8 e 29°S E°L 0Z°91 L LT €9°IST (1) Sl
88°L0T 0 "L 66°29 EL°9Y €8°19 99°98 €S°80T et €8°0TY §0°—
LT ¥98 0 6Z°7£0T €8°568 Z8°9101 9Z°18L ST vES 0E"YYL 0Z°9Ss§ 02 LLL 0
ST°8€2 0 IL EE §S°06 85°y¢E 66° 1S 88°2s P€°921 SLoLLY ?€°19Y S§0°
96°v1I1 0 09°€E 69761 8Z°0T €r's ™ 65°1¢ 9$°2S Sy e ot*
91" 6 0 8S5°0 1s°s 8L 18°2 T 16°8 Lo oz 0T°90T SsT°
80°LT 0 "0 6L°0 08°Z 0 LI PZ°¢€ LY 11 ?$°9¢ 0z
€0°T 0 6Z°0 6L’ 0 €6°0 [ 0 0 I6°1 LT oe*
L0 0 0 0 €6°0 0 0 [ 96°0 0Z°0 oy
0 0 0 ] 0 0 0 0 0 0 0s°
] ] 0 0 [ (] 0 0 0 0 09"
[ 0 0 0 0 0 0 ] 0 0 oL"
0 0 0 0 0 0 ] ] ] 0 08°
] 0 ] 0 (1] [} 0 0 0 0 00°Y
0 0 0 0 0 [ 0 0 0 0 0z°1t
0 0 [] 0 0 0 0 [ [ (] orI
0 [] 0 0 0 [} 0 ] 0 ] 09°T
8.8
TEAXT
&I 00SYY L4 00SYY L& 00S6€E LI 00S9¢€ &I 00S6Z & 00SYZ LA 00S6T &4 00SYT &I 0056 &L 00SY e
O% 00— OL 00S6¢ OL 00SY¢E OL 00562 Oo% 00592 OL 00S6T OL 00SPT OL 0056 OL 005y OL 005-

SONVE HANLILTVY TANSSTEd

134



ORIGINAL PAGE 13

"POnuTINo)) -7 ML

spueq spmnye amssaid urqm moy 1od s1umoo FuIssoId [9Ad] Wl (q)

OF POOR QUALITY

LL YO9L KMOQ GNY 40 SAVIA STIIN IHOITA TYIOL
61°€2 RMOU QRY 40 SAVId SUNOR IESITA TYIOL
€L SIROITA TVIOL
LL Y0SL 0 1€°69€€ 99°029 ST 80§ LT°§0€ T9°€ELT 60°SEY 6Z°8LZ 8y y181 ITY ® STIIN ILBSITI
61°€2 0 v6°9 Lzt Lot o 89°0 £€2°1T s0°1 yZ ot ITY 8 SN0 IHOI'TA
0 0 0 0 0 ¢ 0 0 () 0 09°T-
0 0 0 0 ) 0 0 0 0 0 or 1-
0 (] 0 0 0 0 ° 0 0 0 0z 1-
0 0 0 0 () 0 0 0 0 0 00°T-
] 0 ° 0 0 ) 0 0 0 0 08"~
0 0 0 () 0 0 0 0 0 0 oL -
0 0 0 ° 0 0 0 ) 0 0 09°-
0 0 o 0 0 0 0 0 0 0 0§ -
¢ 0 ) 0 0 0 0 0 0 0 oy -
() 0 0 0 0 0 0 0 0 0 o€ -
zs'o 0 yY1I°o0 () £6°0 0 (] 0 0 86°0 0z -
L'y 0 6Z°0 0 L8 1 0 't 0 96°0 "w'ze ST -
98°§ 0 €90 0 L€ 1 2 62 T € LS €€° 11 0T -
2 62 ° "nw'e L8°L ST°21 £0°L T €T Yy 61 68°€2 86°SS S0°—
82 951 0 9L EVT 62°691 oy 15T 61T L0 8ET 167 €21 €€ 221 62°0LT 0
z8°LE 0 8T’y SL'ST SE°6 29°S ZT°ET 8L 0¢ LT LE €1°1L s0°
8" L1 0 13 M 9€°2 08°2 0 v6'Z L9°S 15°01 ¥5°9¢ otr-
98°§ 0 "o LSt L8°1 0 Lyt 18°0 8Ly 1T°2T 18
230 ¢ (i L0 6L°0 £€6°0 0 Lyt 0 L8°2 ve'Z 0"
€10 0 1 2 3¢ ) €6°0 (] () (] 96°0 0 o€"
) ()} () 0 0 (] ] 0 0 0 o’
) 0 [ 0 0 0 0 0 0 0 0s*
0 0 0 () 0 0 0 0 0 ) 09"
0 0 0 0 ) (] 0 () 0 0 oL*
0 0 0 0 0 (] 0 0 0 0 08"
0 0 () 0 0 0 0 () ° 0 00°T
0 0 () 0 () ] (] 0 0 0 0z°T
0 0 () 0 0 (] 0 0 () 0 oyt
() (] 0 0 [ [ 0 ) 0 0 09°T
s.b
TIATT
Id 00SYY I3 00SYY Id 00S6€ II 00SYE L1 00562 Id 005Y2 Id 00561 IJ 00SYT Id 0056 1d 00SY Ny
oL 00§~ OL 00S6€ OL 00SPE Ol 00562 oL 00592 OL 00S6T oL 00SYT oL 00S6 oL 00SY oL 00S-

SANVE ANLLLTY FANSSHAd

135



ORIGINAL PAGE IS

OF POOR QUALITY

LL°Y09L
(2 9% 14
&L

LL™Y09L
61°€2

NOOOOOODODOOO

Lo B4
N O
.

1€°6

89°1

©C00000COOODOO

&I 00SYY
OL 00§~

MMOQ QMY an 8

RNOg GNY an S

0 TE"69¢¢

0 y6°9

0 0

0 0

0 0

0 0

] 0

0 0

0 0

0 ]

0 0

0 0

0 T°0

0 8s°0

0 LS

0 [ 1 1244

0 8L L

0 TL'O

0 ?T°0

0 0

0 [

0 0

0 0

0 0

] 0

0 0

0 0

0 [

0 0

0 0

0 0
L 0057Y Li 0056E
OL 00S6E OL 00SPE

spueq spminfe amssaxd unpm moy 1ad siumoos Smssond pPaaT % (o)

99°029
Lt

0000000 OOO

00000000000 O

La 00SYE
OL 00562

S1°80S
Lo°1

~“oO0OO0OO0OO0OODODOO

~
«

0000 0COO0OQOOO

4 00562
OL 00SYZ

LT°S0€ THELT
Lo 89°0

[ 0

0 ]

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0
9°s1 TTET
L8°T00T £0°L86
"8°6 60°61
Ty 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 0

0 [

0 [

0 0

0 0
LI 005¥2 &I 00S6T
OL 00§61 OL 00S?T

SONVE BANLLLTY SHNSsSdad

60°SEY
€T°1

00O O0COOODOOCO

&Ld 00SPT
OL 00S6

6Z°8LZ
§0°T

b4
o
MO0 O0O0O00O0OODO0OO0OCO

v 0
n o

0000000 OOCOOO

L& 00S6
OL 005y

8y v181
2701

L- 2RO - - O - - BN - I - - ]

01°0
(-1 28 4
79°61
88°s8
PZ 8EE
967088
€S 8YE
86758
88°LY
14 Al

QOO0 O0CcOOO0OCOO

Ld 00S?
OL 00S-

"ponunuo) -7 M3ty

STIIN IBDITA
9008 IBDITI

09° 1~
oy 1-
0Z°1-
00" T~
08" -
oL~
09° -
0§ -

(]

00°T
ozt
oI
09°1

g.,b

136



Counts/Hour

Total Flights 73
Total Hours 10.24

103 Total Miles 1814

IBRARLLY

104

103

>
o
a v

0o

102

101

IBLRRARLL EELUNLLRLLL B SR AL AL

v 0O
B B0 |

&
¥o

100

M
L= 8

IR

101

$

T 11T

102

T T

103 Ll L L1t | L L1 | 1 LiJd 1 1] 11

1

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80
Incremental Acceleration, g units

(d) a,, ay, A, -500 to 4500 feet altitude

Figure 22.- Continued.

137

1.00



Counts/Hour

Total Flights 73

Total Hours 1.05

Total Miles 278

10s

104 ' Oa,

10 Qa,

102

EIOB N

100

o

Fa Y
A

101

102

103 11 11111 Ll | L1l 111 AN

-1.00 -0.80 -0.60 -040 -020 0.00 020 0.40 0.60 0.80
Incremental Acceleration, g units

(e) a, a,, a4, 4500 to 9500 feet altitude

Figure 22.- Continued.

138

1.00



Counts/Hour

105

10+ Oa,

105 é Qag

102

101

@?‘&0 0
B

100

10

T 1T

102

LILLALRRLL

10-3 L1l L1l Li.1 Lil LAl L] L1l Ll 111 I

-1.00 -0.80 -0.60 -0.40 -0.20 0.00 020 0.40 0.60 0.80 1.00
Incremental Acceleration, g units

®) a,, a,y, a,g, 9500 to 14500 feet altitude

Figure 22.- Continued.

139



Total Flights 73
Total Hogulrls

) .68
Total Miles 274

10s

104 O a‘
O a.

10 Ca,

102

101

Counts/Hour

100

101

LU BLILILILALLLt S e L 00O MR AL
L 4. 4
m o ]

102
10.3F1|1 L b e bea s el gl legad gty

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80
Incremental Acceleration, g units

(8) a,, a,, 2, 14500 to 19500 feet altitude

Figure 22.- Continued.

140

1.00



Total Flights 73
Total Hours 71
Total Miles 305

10s

104

103 A

102

101

Counts/Hour
B Qo ol

100

10

10-2

10.37llllll 11 P bt I | LAt il I

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80 1.00
Incremental Acceleration, g units

(h) a,, 2, 3, 19500 to 24500 feet altitude

Figure 22.- Continued.

141



10s

104

103

102

100

Counts/Hour

100

101

102

10

Total Flights 73
Total Hours 1.07
Total Miles 508

E

n Oa,

: 0

B I

E

2 % o}

E &

C 03] _%’

E— ie grro

E

L1l

L 1.1

Pl 1.1 11l

Lt

-1.00 -0.80 -0.60 -0.40 020 0.00 020 040 060 0.80 1.00

Figure 22.- Continued.

142

Incremental Acceleration, g units

@ a, a,,, a5, 24500 to 29500 feet altitude



Total Flights 73
Total Hours 1.27

Total Miles 621
10s

104

103

©—
0l

T T T T
o
o

102

IBARRLLL |

101

Counts/Hour

Sfe
O
8—' o
o | &,
10¢ ‘9] o

LLRLLLL

101

102

T TTmy

102 Lo doa e Lo by bbbl deey
-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 080 1.00

Incremental Acceleration, g units

() 2, au, ag 29500 to 34500 feet altitude

Figure 22.- Continued.

143



Total Flights 73
Total Hours 6.94
Total Miles 3369

104 |- Oa
= O a,,
100 | & Qa,
; 102% 1]
o = O
5 0] ol
L S| |
10° | o
: q:ﬁ P o
101 OmR> | w0
102
10.3 111 1 11 L1l | ] 1 11 1 10 1t 11 1 11 1 11 1t 2 1

-1.00 -0.80 -0.60 -040 -020 0.00 020 040 0.60 080 1.00
Incremental Acceleration, g units

(k) a, a,,, a, 34500 to 39500 feet altitude

Figure 22.- Continued.

144



105

104

103

102

100

Counts/Hour

100

101

10-2

10-3

Total Flights

Total Hours
Total Miles 0

73

0.00

I TTTT

O a,

LERRARALL

O aum
Qag

T

LIRALRARILL

NO OCCURRENCES

T 1T

1SARRLAL

I TTHIN

|BRALRAALL

L1

Ll

L1l

L1t

1]

L

| |

S ||

L

.1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80 1.00

Incremental Acceleration, g units

1) a,, a,, a;, 39500 to 44500 feet altitude

Figure 22.- Continued.

145



Counts/Hour

Total Flights 73

Total Hours 23.13
Total Miles 7605
105
104 Oa
O a,,
103 . & Qo
0 [ &g},
Sleo
o [ 0o
5 <
100 |- 5 b o
_5_ m
104 L 09
0RO
102
10.3 | I &1 | | 111 1 11 11 1] 111 1 11 Pt il 1

-1.00 -0.80 -0.60 -0.40 -020 0.00 020 040 0.60 0.80 1.00
Incremental Acceleration, g units

(m) a,, a,,, a4, -500 to 44500 feet altitude

Figure 22.- Continued.

146



LL™Y09L
61°€T
€L

LL7Y09L
61°€Z

CoO0CO0OO0COoO0O0CO0O0OO0C O

1671
88°€1
87766
SLTILT
PETTEOT
[4- 208 44
[4 AR 14
SL°€E

-
L}

QO 00000000

X 00SYY
OL 00S—

(-3

OO0 0000000000000 O0DO0CO0OO0ODOOCO0OCOODOO

LA 00SPY
OL 00S6€

TE 69€EE
6°9

OO0 00000000000

€’ 0
€E8°ET
L9 E6TT
9e’8

0

o000 O0O0COOCOO

Ld 00S6E
oL 00SVE

“SIYSI]J SNUOAI-UON :SIOUEP3IIDXS UONBII[IE [eINE -"¢7 M3y

spueq spmnpe amssaid arm moy 1ad S1unoo FUISSOI0 [9AY] £y (®

SAVIA STIIH IHOITI TYIOL
mmﬂﬂhmﬁbbﬂBmUHﬂhA‘HbB

SILHDITI TVIOL

997029
L't

000000000000

ST°€
ST 0y
0€°906
86°5¢
6L°0

0

0000 OCOOCOO0CO

L3 00SPE
OL 00§62

ST1°80S L1°SO0€
Lo°t1 o
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 w1
€6°0 €6°9¢€
0s° 12 EETEVL
1Z°9S01 §9°21
19°§ mwt
€6°0 0
0 0
] 0
0 0
0 0
0 0
0 0
0 0
0 ]
0 0
0 0
0 0

LA 00562 LA 005YZ
oL 00S%Z O& 00S61

T ELT
89°0

QOO0 O0O0O0OO0ODOOO0

vE'L

88°66

0E"PLS

CZTET
0

OO0 0O00O0ODO0O0O0O OO0

I3 00S6T
oL 00SYT

SANVE dANLLLTY FaNSSEdd

60°SEY
€21

O O0O0OO0O0O0CO0OO0OOO0O0C

$9°69
LO" 099
SESY
98y

N
v
L

o

OO0 00000000 CO

Ld 00SPT
Ol 0056

6Z°8LT
SO°T

0CO0OO0O0O0CO0O0OO0O0O0C0

o

0Z LY
8y°L6
60°TEL
SE'00T
9L" 92
EL°S

o

OO0 O0OO0O0O0O0O0OO0OCO

d 0056
oL 00SY

8y yIst

yZ°'o1

00 O0OO0OO0O0O0CO

©

Zy'e

9 IE
Lo"zzz
887289
657766
LE Y62
LL"09

@0 ~
~ O
o~

Ooco0oO0OO0OC0COCQCOoOC

i 00SY
oL 00§—

LTY § SUOOH IHOI'TA
IT¢ ? SYNOH IBOITA

8y -
| 4 At
oy -
9¢° -
[4 2
8z -
| X2
0Z° -
L2 S
[ Sl
80"~
90~
v0° -
Z0°—
0
20°
v0-
90~
80°
TT”
9T
0T”
"
8z
TE”
9¢”
or’
"’
8y’
s.,b

147



Total Flights 73
Total Hours 10.24
Total Miles 1814

10°

T T 11T

104

B

103

Fa N
AN 4

102

T T T TITT

101!

U TTH

Counts/Hour

100

INEELRLL |
fo

10-1

FTTHT

10-2

LLLAALLAL

10-3 I Lt e e e bpee ety ]oiqne

-0.20 -0.16 -0.12 -0.08 -0.04 0.00 0.04 0.08 0.12 0.16 0.20
3, 8’s

(b) -500 to 4500 feet altitude

Figure 23.- Continued. -

148



Total Flights 73

Total Hours 1.05
Total Miles 278
105
104 E
103 k&
0 = )
102 i o1
= =
o - O
%1015 )
- o
8 N
100 £
10! e
10'2:;_:
10-3 _llll Lt et r it b e i e ee ettt

-0.20-0.16 -0.12 -0.08 -0.04 0.00 0.04 0.08 0.12 0.16 0.20
a, g’s

(c) 4500 to 9500 feet altitude

Figure 23.- Continued.

149



Total Flights 73
Total Hours 1.23
Total Miles 435

105

L Hllm

104

T TV

103

102

IR SR ALY

10!

Counts/Hour

I TTHIl
D
T

100

T TTT

10-1

U TTHI

10-2

| IRRRLLAL

10-3 Lt it eer vt e jprad ity erdijan

-0.20-0.16 -0.12 -0.08 -0.04 0.00 0.04 0.08 0.12 0.16 0.20
a, g’s

(d) 9500 to 14500 altitude

Figure 23.- Continued.

150



Total Flights 73
Total Hours .68
Total Miles 274

103

T T T

104

IR R

103

102

T T 1T 110
()

101 Q

Counts/Hour

100

SR AL

101

10-2

Ty 1 LTI

10—3 part b g b byt bt et baa st g il

-0.20 -0.16 -0.12 -0.08 -0.04 0.00 0.04 0.08 0.12 0.16 0.20
a, g’s

(e) 14500 to 19500 feet altitude

Figure 23.- Continued.

151



Total Flights 73
Total Hours 71
Total Miles 305

105

T TTIT

104

UTTTH

103

102

IR SRR AL

101 @)

Counts/Hour

100

LEREEEE!1 SR
Fa
A\
O
<

101

ILRALLA

102

LI AL

10-3 NN N NI AN RN NN AN NN

-0.20-0.16 -0.12 -0.08 -0.04 0.00 0.04 0.08 0.12 0.16 0.20
a,, 8's

() 19500 to 24500 feet altitude

Figure 23.- Continued.

152



Total Flights 73
Total Hours 1.07
Total Miles 508

105

104

103

o
W

102

Counts/Hour
(=%
<
R NAI
O

100

10-1

Ty 1 Ty

lozE
10-3 L1l Litititii I N EE N Letrdtrrabree ittt

-0.20-0.16 -0.12 -0.08 -0.04 0.00 0.04 0.08 0.12 0.16 0.20
a,, 8’s

(g) 24500 to 29500 feet altitude

Figure 23.- Continued.

153



Total Flights 73

Total Hours 1.27
Total Miles 621
105-;
104?
103 O
102
-
=
g "o
« 101
3 o
© 0
10 )
101
102
10-3 L1 ¢ Litittiett [ENENNEENN Ligiltrrrtreinleeny LitLl

-0.20-0.16 -0.12 -0.08 -0.04 0.00 0.04 0.08 0.12 0.16 0.20
a,, g’s

(h) 29500 to 34500 feet altitude

Figure 23.- Continued.



Total Flights 73
Total Hours 6.94
Total Miles 3369

105

104

103

102

I Illl]“ﬁ LILRALLLL SRR LBRALRRLLS

Counts/Hour
S
| @)

100

101

10-2

10-3 Liti et ee iyt gietd e i teeeyienrelieyeletind

-0.20-0.16 -0.12 -0.08 -0.04 0.00 0.04 0.08 0.12 0.16 0.20
2, g’s

(1) 34500 to 39500 feet altitude

Figure 23.- Continued.

155



103

104

103

102

101

Counts/Hour

100

10+

10-2

1073

Total Flights 73
Total Hours 0.00
Total Miles 0

- NO OCCURRENCES

E—

_lll IBENEENEN| LIt tit11d fL e e lrrrptreetlrint

-0.20 -0.16 -0.12 -0.08 -0.04 -0.00 0.04 0.08 0.12 0.16 0.20

a, g’s

() 39500 to 44500 feet altitude

Figure 23.- Continued.

156



Total Flights 73
Total Hours 23.13
Total Miles 7605

103

104

103

Pa n
WV

102

Fa nY
\V

O

Counts/Hour
=

100

| URRARLY B UL A SRR R BN AN MRS L e llllllq T 11

101

10-2

LB LARILY SR AR RALL

10-3 pri il reer bpa ey dpp g byt giorteye e ettty el

-0.20-0.16 -0.12 -0.08 -0.04 0.00 0.04 0.08 0.12 0.16 0.20
a,, 8’S

(k) -500 to 44500 feet altitude

Figure 23.- Concluded.

157



“SIYBI]J ANUIASI-UON :$0UBIPaA0Xa P -4z amS1yg

spueq spmne amssaid UL moy 1od stumos Susson easy 2Pp (v)

LL™YO9L NMOQ ORY 4N §4YvId SEIIN LEOITA TYIOL
61°€2Z RMOQ QNY dn SdVvId SUNOH LBOITA TYIOL
€L SLBEOITA TYIOL
LL Y09L 0 TE69€EE 99°02Z9 ST°809 LT°S0E Z9°€LT 60°S€EY 62°8LT 8y°r18T II¥ ? STATIN ILHOITA
61°€Z 0 ¥6°9 LZT'1 LO°T Lo 89°0 €T 1 S0°1 vz 0T IT¢ ? SYOOH ILHDITA
[ 0 0 0 0 0 0 0 0 0 00T~
0 0 0 0 0 0 0 0 0 0 06—
0 0 0 0 0 Q 0 o 0 0 08—
0 0 0 0 0 0 0 0 0 0 oL-
0 0 0 0 0 0 0 0 0 0 09~
0 0 0 0 0 [ 0 0 0 0 0S5~
] 0 0 0 0 0 0 0 0 0 or-
0 0 0 0 0 [ 0 0 [ 0 0E-
0 0 0 0 0 0 0 [+] 0 0 oz—
PE"O 0 0 (] 0 0 o 0 0 8L 0 S1-
86° I 0 0 0 0 0 0 0 0 (3 A8 4 [ Sl
1€°6 0 ] 0 €6°0 0 0 18°0 0 16°02 6—
9€" 0P 0 T°0 6L70 08°2 0 0 L9°s 96°0 81706 9-
LL"8ST 0 0E°T 0E"9 SE€E°6 0 LI ZL°6 PS°1E 09°ZS€E €-
€T TLE [ Sy ZZ11 68°186 LLYLOT L8 1001 €0°L86 9v°888 T6°0Z8 96 088 0
€6° 991 1] 13 4 oLy s zzy 0 96°CT €Z° 8¢ 18°9y9¢€ €
99° 0V 0 L A 0 L8"1 0 0 | X4 8LV 96706 9
1€°6 0 0 0 0 0 0 eV Z 0 18°02 6
8E'T 0 0 [+] 0 0 0 0 0 ET°€ (44
0E'0 0 0 o 0 0 0 0 0 89°0 ST
0 0 (] 0 0 0 0 0 0 0 0e
0 0 0 0 0 0 0 0 0 0 -1
0 0 0 0 0 0 0 ] 0 0 oy
0 0 0 0 0 0 0 0 0 0 0S
0 0 0 0 0 0 0 0 0 0 09
0 0 0 0 0 0 0 [¢] 0 0 oL
0 ] 0 0 0 0 0 0 0 0 og
0 0 0 0 0 0 0 0 0 0 06
0 0 0 0 0 0 0 0 0 0 00T
ous/1d
LI 00SYY id 0oSrY Id 00S6E LI 0057¢E L3 00562 Ld 00sYZ Id 00561 Id 00SPT Id 0056 &I 00SY !Vb
OL 00S— OL 0056t OL 00SYE OL 00562 oL 00592 OL 00§61 OL 00SPT 0L 0056 oL 00SVY oL 00S-

SANVH FANLLLTY TANSSHAd

158



Total Flights 73
Total Hours 10.24
Total Miles 1814
10s
104 S
105 | &
- 0|0
102 O
5 =
o - D @
< 100 |
3 2 o
5 - O
8 i
0o L
1 - o 5
101 =
102
10.3 LMLt it ittty NIRRT Lttty vttty erliard
50 40 30 20 -10 0O 10 20 30 40 SO
U, ft/sec

(b) -500 to 4500 feet altitude

Figure 24.- Continued.

159



103

104

103

102

101

Counts/Hour

100

10~

102

103

Total Flights 73
Total Hours 1.05
Total Miles 278

E 0|0

: 0

= ©

—llll LUL LU el i et eittrtirrr 1111111}

50 40 -30 20 -10 10 20 30 40 50
Uy, ft/sec
(c) 4500 to 9500 feet altitude

Figure 24.- Continued.

160



Total Flights 73
Total Hours 1.23
Total Miles 435

103

L

1

104

LR RALAL

103

Fan
A\

LRAL

102

101

o)
)

IBRARALL BERERERLRIL |

Counts/Hour

100

T TTTIT
@

101

LIRARLALL

102

LIRARRALL

10-3 1 111 fdiede a1l ad 1 il L Ll 11 et i 1t t1tl 1 {1
50 40 -30 20 -10 O 10 20 30 40 S0
U,, ft/sec

(d) 9500 to 14500 feet altitude

Figure 24.- Continued.

161



Total Flights 73
Total Hours .68
Total Miles 274

10s

|IRA

104

LILRRALLL

103

i a
AN 74

P TTTI

102

T TTTHN

101

IILRRALY

Counts/Hour

100 O

IIRRARLLL

101

IILRALALL

10-2

LERARLRLL

10-3 LIt d bttty qeiitt LAt ettt ittt
50 40 30 20 -10 O 10 20 30 40 50
U,., ft/sec

(e) 14500 to 19500 feet altitude

Figure 24.- Continued.

162



Total Flights 73
Total Hours 71
Total Miles 305
105 &
104 =
=
_
102 E D
102 |
— =
5 —
(@] -
L 10 |
<] S
g = O
o =
O 100
101k
102
10-3 it bt nse b eeve b b en b bl
50 40 -30 -20 -10 0 10 20 30 40

U, ft/sec

() 19500 to 24500 feet altitude

Figure 24.- Continued.

163

50



Total Flights 73
Total Hours 1.07
Total Miles 508

105

E
104 L
102 | D
102E
. =
: f
(@} =
T 10k oTO
=] -
S ool °lo
100 | o
101
102 |
10<3 111 LLL L it gl e b lersrdpartliray BN ENTREEEN]
50 40 30 20 -10 0 10 20 30 40 50
U,., ft/sec

(g) 24500 to 29500 feet altitude

Figure 24.- Continued.

164



Total Flights 73
Total Hours 1.27
Total Miles 621
1053 =
104 L
103 | &
102 E
o} =
: —
o =
T 101 |
g : Olo
= =
8 —
100 .E O
101 L
10-2 %}
103 '-Illl TSI EEE NI I NN NN NN e e,
-50 -40 -30 -20 -10 0 10 20 30 40 50

U,., ft/sec

(h) 29500 to 34500 feet altitude

Figure 24.- Continued.

165



Counts/Hour

10s

104

103

102

101

100

101

102

103

Total Flights 73
Total Hours 6.94
Total Miles 3369

! o

i O

: @)

i O | O

NI NN NI TN NN AN B

50 40 30 20 -10 O 10 20 30 40 50

U,, ft/sec

(1) 34500 to 39500 feet altitude

Figure 24.- Continued.

166



Total Flights 73

Total Hours 0.00
Total Miles 0
105 =
104 |
103 |
102 |
— =
3 - NO OCCURRENCES
T 100k '
4 =
= [~
= =
S 100l
0
1 E
101 |
102 |
o
10-3 crpr b eten et BEESEENEEEENNEENEEREN!
50 40 30 20 -10 O 10 20 30 40 50
U,., ft/sec

(j) 39500 to 44500 feet altitude

Figure 24.- Continued.

167



Total Flights 73
Total Hours 23.13
Total Miles 7605

103

E
104 =
103 = &
102 [— o0
= = o | O
o) -
% 10 £ o .
g =
o - O
O 100 | Q
a O @
101 L
10-2 =
10-3 _lLlL vl e il bere e et eyl il il il
50 40 30 20 -10 0 10 20 30 40 50
U,, ft/sec

(k) -500 to 44500 feet altitude

Figure 24.- Concluded.

168



ZH "AIN3N03y4
01" 80" 90" v0° 20°

r

T

NO dV 3WIL 40
%8Y°L ~ SHNDD0O
JTOAD LINIT ®

JNIL 40
%126 ~ NO dV @

4

I

T

P

——d

0

0

oy

09
08

*oououadxa 31040 i, Jopdoiny  -°GZ Nt

0°1-9¥3n 6
dWY NV3d-01-3v3d
ol" 21" 80" %0 0

[T EEE iR
—10¢ |
AJNAND3YA | 3ANLIdWY
HOV3 1V —0p HOVI LV
WA
r— o

SLHOIMH 04 ® SHNOH L2 NOY4d v.ivd

169



*SIYS1yJ Jo 32134 ‘yS1py 10d aunssaid uIqed [eNUAIYIP WINWIXB -'97 dINFL]

your arenbs 1ad spunogd

91 bl ¢l 01

8 g h ¢

‘._ﬁ___:%\\\

a1sydsoune prepuels oy} woyj amssaxd Jusiquie
snutw amssaxd uiqes=amssaid urqed [enuaIFNJ

190N

i

\

\\

——

b

p—
.

0c

nv)
o
0h g
=2
©
=
=
08 =
08
001

170






NASN

Natonal Aevonautcs ang
Soace Aomensi Jion

Report Documentation Page

1. Report No.
NASA CR-181909, VOL.

DOT/FAA-CT-89/36-1V

2. Government Accession No.

IV

3. Recipient’s Catalog No.

4. Title and Subtitle

The NASA Digital VGH Program -
Exploration of Methods and Final Results

5. Report Date

December 1989

Washington, DC 20546-0001 and

Volume IV- B 747 Data 1978-1980: 1689 hours 8. Performing Organization Code

7. Author(s) 8. Performing Organization Report No.
Norman L. Crabill

10. Work Unit No.
9. Performing Organization Name and Address 505-63-01-05
. ) 11. Con Grant No.

Eagle Engineering, Inc. ract or Grant No
Hampton Division, Tower Box 77 NASW-4430

2101 Executive Drive, Hampton, VA 23666 13. Type of Report and Period Covered
12. Sponsoring Agency Name and Address

National Aeronautics and Space Administration Contractor Report

U.S. Department of Transportation
FAA Technical Center

Atlantic City International Airport, NJ 08405

14. Sponsoring Agency Code

15. Supplementary Notes
Langley Technical Monitor: Joseph W. Stickle

FAA Technical Center COTR: Thomas DeFiore

16. Abstract

worthiness design criteria.

B 747 Digital Flight Data taken in 1978 through 1980 were analyzed
to provide many statistical data useful for updating airliner air-

17. Key Words (Suggested by Authorl(s))

Flight Recorder Digital Flight Data
Recorder,VGH, Digital VGH, Air-
worthiness, Airliner, B 747

Unclassified-

18. Distribution Statement

Unlimited

Subject Category 06

19. Security Classit. (of this report)
' Unclassified

20. Security Classif. (of this page)
Unclassified

21. No. of pages

22. Price

175 AO8

NASA FORM 1626 OCT 86




